Abstract. Biofilms research has evolved considerably in the last decade and is now generating large volumes of heterogeneous data. MIABiE, the international initiative on Biofilms, is devising guidelines for data interchange, and some databases provide access to biofilms experiments. However, the field is lacking appropriate bioinformatics tools in support of increasing operational and analytical needs. This paper presents a flexible and extensible open-source workbench for the operation and analysis of biofilms experiments, as follows: (i) the creation of customised experiments, (ii) the collection of various analytical results, following community standardisation guidelines and (iii) ondemand reporting and statistical evaluation.
Introduction
Biofilms are surface-attached cellular agglomerates that are widespread in Nature and exhibit great abilities to adapt to environmental changes [1, 2] . Their actions can be seen as beneficial or detrimental to humans, depending on their ecological impact and our ability to act upon them [3, 4] . Notably, the resistance and resilience of biofilms attracts much attention from the biomedical research community due to the continuous emergence of multi-resistant strains in clinical settings, which are rendering conventional antibiotics ineffective [5, 6] . Biofilms research has witnessed a considerable development in the last decade. Conventional microbiological experimentation is giving place to large-scale multidisciplinary experimentation [7] . Cell viability, biomass formation, respiratory activity, morphological characterisation, and transcriptome and proteome profiling are just some examples of the methods of analysis now in use. Moreover, and due to the diversity of settings where biofilms can be found, the environmental scenarios recreated in the lab can be quite different and sometimes challenging to implement. Repeatability, ruggedness and reproducibility tests are therefore conducted to ensure the quality of the acquired data and, in particular, the ability to compare results between laboratories [8, 9] .
The MIABiE initiative (http://miabie.org), encompassing an international body of Biofilms experts, is working on the definition of guidelines to document biofilms experiments and the standardisation of the nomenclature in use. Biofilms databases such as BiofOmics (http://biofomics.org) [10] and MorphoCol (http://morphocol.org) [11] are endorsing these guidelines and making experimental data freely available. However, the community is missing tools to take the best advantage of these resources, and it is notable the inexistence of bioinformatics tools dedicated to biofilms data operation and analysis. In particular, unstructured data operation, using Excel or similar tools, compromises data standardisation and thus, any form of computer-aided processing and analysis.
This paper presents the first software tool dedicated to Biofilms: the Biofilms Experiment Workbench (BEW). The primary aim is to cover for primary intralaboratory data collection and analysis necessities. Previous work on data standardisation and computerised data structuring [11] , now complemented by MIABiE guidelines, established the starting point of development. A specialised markup language is defined now as grounds to document experiments, and to effectively promote data interchange across resources and software tools. Moreover, the application is developed with AIBench, an open-source Java desktop application framework [14] , to ensure a flexible, cross-platform and interoperable development suitable to sustain future interactions with other Biofilms-related tools.
The next sections detail the markup language as well as the design and main functionalities of BEW.
Biofilms Markup Language
The current inability to exchange experiments between laboratories has its roots in the lack of a common format for describing Biofilms experiments. The modelling of Biofilm experiments is challenged by the complexity and variability of the studies. Studies may vary widely in aspects as important as: the conditions tested (related to the goals of analysis), the microorganisms studied (with implicit growth and other biological specifics), the methods of analysis used (data is only comparable for similar methods), specific data pre-processing (e.g. the calculation of dilution rates or log reductions), and the number of replicates and reproductions performed to ensure the validity of the study. These issues were discussed with field experts -at the Eurobiofilms 2013 meeting in Ghent, Belgium (9-12 September 2013) -as means to accommodate for as much of this complexity and variability as possible, and anticipate new requirements resulting from the increasing use of high-throughput methods. Then, XML, the eXtensible Markup Language [12] , was elected to formalise the data structure because of its portability and widespread acceptance as a standard data language for Bioinformatics [13] .
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